Abstract The invasive garden ant Lasius neglectus (Hymenoptera: Formicidae) has been spreading rapidly in Europe ever since the 1990s. This ant established enormous supercolonies in many European cities and poses a serious threat to the local native faunas. The spread of this species has not slowed down in the last decades, but in the recent years the sizes of the known L. neglectus populations have generally been declining or have stagnated. For 29 supercolonies checked in four countries, in 10 cases L. neglectus individuals have not been found on the former area of their occurrence. On the other hand, only two supercolonies have expanded. In this paper, we summarize these monitoring data collected by the personal independent, diligent monitoring activities of myrmecologists on populations of the invasive garden ant in Bulgaria, Hungary, Poland and Spain. The reasons for this collapse are thought to be: (1) depletion of the local resources, (2) gradation of pathogens and (social)parasites, (3) climatic factors, (4) intra-population mechanisms, (5) confrontation with highly competitive native species, and (6) lack of suitable nesting microhabitats. As similar phenomena were observed in the cases of supercolonies of other invasive ant species, it seems that they decline more generally than has been thought.
Introduction
The invasive garden ant (Lasius neglectus van Loon, Boomsma et Andrásfalvy, 1990 ; Hymenoptera: Formicidae, subgenus Lasius s.str.) is among the 19 ant species considered the most problematic by the Invasive Species Specialist Group (ISSG) of the International Union for the Conservation of Nature (IUCN) (Bertelsmeier et al. 2014) . This polygynous and polydomous species has been described on the basis of specimens from Budapest (Hungary) (van Loon et al. 1990 ). Its known presence there for nearly two decades as an unnamed outdoor foreign species dates back to the beginning of the 1970s (van Loon et al. 1990 ). The species probably originated in Asia Minor (Seifert 2000) and quickly revealed its expansive and invasive nature through its fast spread across Europe and part of Middle Asia (Espadaler et al. 2007; Espadaler and Bernal 2016) . This ant is known to be transported to new sites in potted plants, soil and organic materials (van Loon et al. 1990; Tartally et al. 2004) .
On the newly established bridgeheads, the species expands its range mainly by budding, since in the case of L. neglectus the nuptial flights have been replaced by intranidal mating (van Loon et al. 1990; Seifert 2000; Cremer et al. 2008) . Thus, the areas of the supercolonies (i.e., huge polydomous systems) can come to cover areas of several square kilometres by expansion (Espadaler et al. 2007) . In invaded areas, L. neglectus can outnumber native ants by a factor of 100 (Tartally 2000 (Tartally , 2006 Nagy et al. 2009; Paris and Espadaler 2012) . It constitutes a serious hazard to the local myrmecofaunas, since it is highly competitive towards other ant species and effects negatively or, in the case of a few species, positively the density of other arthropods (Nagy et al. 2009; Boase 2014) . It both occupies most available nest microhabitats and monopolizes ornamental plants, mainly trees (Czechowska and Czechowski 2003; Tartally 2006; Paris and Espadaler 2012) . It is also reported to infest houses in large numbers and to cause damage in greenhouses, parks and gardens by protecting aphids (van Loon et al. 1990; Seifert 2000; Espadaler and Rey 2001) . This ant is also found in a high density within electromechanical devices, including electrical plugs, and this can cause fire hazards by creating electrical short circuits (Rey and Espadaler 2005) .
Lasius neglectus has a climatic preference which makes it the most threatening among the outdoor invasive ant species for the largest part of Europe. It also has found suitable places in other temperate regions (Bertelsmeier et al. 2014 ). The present range of L. neglectus in Eurasia extends from 36°N to 54°N and from 1°E to 74°E, including about 160 known localities. In Europe, the species has been observed in most countries (Espadaler and Bernal 2016) , and it occurs mainly in urban and suburban habitats. It is known that L. neglectus can survive in areas in which mean temperatures in January are between -4.5 and -6°C, and one may expect that mean January temperatures below -7°C are critical for this supposedly originally Mediterranean species (Schultz and Seifert 2005) . Furthermore, the proportion of climatically suitable areas for L. neglectus in Europe is predicted to increase with climate change in the future (Bertelsmeier et al. 2014) .
Until recently, most publications (for details see References) on L. neglectus reported its continuing invasion of more and more towns and countries in Europe and the increases in the size of the supercolonies. However, in recent years, it has been informally detected that at least some European populations/supercolonies are going through a crisis. The present contribution examines the data concerning this phenomenon with the goal of drawing the attention of myrmecologists to the importance of further, more focused research.
Materials and methods
Present states of 29 L. neglectus supercolonies in Bulgaria, Hungary, Poland and Spain were compared with their known earlier sizes. For this purpose we searched for L. neglectus individuals and nests meter by meter along the streets (as transects) within the latest known area of the supercolonies. Private zones were usually not included in our work. This monitoring was done in summers of 2013-2015 under weather circumstances favourable for activity of the species. This work practically meant turning up stones, digging the soil, and checking kerbs (see Fig. 1 of Online Resource) for nests. Parallel with this, ant individuals were searched for on the roadways, pavements, hedges, bushes and tree trunks. By these methods we have already surveyed these supercolonies in their earlier stages (for details see Online Resource) and realised that it is easy to record this ant species these ways (Tartally 2006; Espadaler et al. 2007 ). According to the registered changes of the state of the colonies, they were arranged into four categories: EXPANDED, STAGNATED, DECLINED and NOT FOUND. In the case of the ''not found'' category we searched for L. neglectus individuals especially intensively on the former known area of the supercolonies but have recorded no specimens. We do not call this category ''disappeared'' because both disappearance and probably unlucky samplings can be in the background of such negative results (see the story of the supercolony at Orom Str. in the Online Resource), especially in the case of previously huge supercolonies occupying private zones.
Results
Only two (6.9 %) of the 29 investigated L. neglectus supercolonies fitted the category EXPANDED showing invasive features. Most of them (27) belonged to the DECLINED, STAGNATED or NOT FOUND categories (Table 1; for details see Online Resource). Thus, as much as 93.1 % of the supercolonies did not show invasive features in recent years. When the frequencies of EXPANDED ? STAGNATED versus DECLINED ? NOT FOUND supercolonies were compared by the Chi square test, the two classes were not randomly distributed (8 vs. 21; v = 5.82, p = 0.015). Instead, the collapsing class (DECLI-NED ? NOT FOUND) was more frequent than expected.
Discussion
The results show that L. neglectus seems to have decreased or maybe even stopped its invasiveness in most of the investigated supercolonies. Even some huge supercolonies seem to have declined and often no L. neglectus have been found on their former area. Such phenomena were observed in four European countries by different researchers, independently from one another.
Despite we did not have the possibility to search in private properties, the declining of all of the ''DECLINED'' supercolonies was clear in the public areas. Furthermore, every ''NOT FOUND'' supercolony was previously found in public areas. So, the problem about having no entrances to private properties do not affect our conclusion that L. neglectus decreased its invasiveness at most of the examined supercolonies.
The observed decline of the European populations of L. neglectus tallies with that of other populations of invasive ant species in the World. (1) The collapse of the Argentine ant Linepithema humile (Mayr, 1868) in New Zealand was recently reported by Cooling et al. (2012) . The biology of this species is quite similar to that of L. neglectus (Seifert 2000; Espadaler et al. 2007 ) and may provide an excellent basis for comparison. Observations of Argentine ants' populations showed that their mean survival time is about 14 years. After that, the supercolonies scatter and ultimately disappear (Cooling et al. 2012) . (2) In Australia, seven populations of the yellow crazy ant Anoplolepis gracilipes (Smith, 1857) declined or disappeared completely without human intervention (Cooling and Hoffmann 2015) , and a 101-hectare supercolony of this species fragmented into 10 small isolated colonies (Gerlach 2005) . (3) The big-headed ant Pheidole megacephala (Fabricius, 1793) was known as the only ant species on the island of Culebrita. However, 76 years later 16 other ant species co-occurred there, and P. megacephala was restricted to a small patch in the centre of the island (Torres and Snelling 1997) . According to another Collapse of the invasive garden ant, Lasius neglectus 3129 observation, the proportion of this ant increased as of the second year of site rehabilitations for a period of 5 years, after which it came to comprise 97 % of the catch, but by year 13 its abundance had dropped to very low levels (Majer and de Kock 1992) . According to these data and our recent findings, it is not rare for some supercolonies of invasive ants to decline more generally than was thought (a phenomenon well-known with regards to invasive species of other taxa, see e.g.: Simberloff and Gibbons 2004) . The reasons for such population collapses may be diverse: (1) depletion of the local resources, (2) gradation of pathogens and (social)parasites, (3) climatic factors, (4) intra-population mechanisms (intra-colony social fragmentation, reduced genetic heterogeneity due to isolation and inbreeding, which leads to reduced adaptability to changing external conditions), (5) confrontation with highly competitive native species, and (6) lack of suitable nesting microhabitats (Haines and Haines 1978; Gerlach 2005; Espadaler et al. 2007; Cooling et al. 2012; Cooling and Hoffmann 2015) . Each factor (or group of factors) may be true for an individual case. Some factors may impact the others, and this makes the individual situations difficult to interpret. On the other hand, in every locality, the phase of population growth, which precedes the phase of decline, may proceed differently. It depends on local conditions, such as climate, management, urbanization processes, etc. (Espadaler et al. 2007) . Therefore it should be emphasized that it is not immediately obvious how to determine even an approximate age of given ant supercolonies based simply on their sizes.
Irrespective of the underlying reasons, the reported cases of collapse of the L. neglectus supercolonies in Europe explicitly show that population growth of the introduced L. neglectus supercolonies is not an irreversible process. The appearance of L. neglectus within a native ant community is not necessarily followed by persistent invasion. On the contrary, we are faced with a very dynamic system. A supercolony can collapse, but some its isolated refugial fragments might survive, maintaining the capacity of the population to expand again under favourable circumstances. When expanding, such ''sister refuge fragments'' meet, and they presumably can merge again into one huge supercolony, because L. neglectus workers originated from related colonies do not recognize one another as intruders and the aggression-level between them is reported to be very low Ugelvig et al. 2008) . The general applicability of the hypothesis of the revival of the invasive L. neglectus supercolonies from small ''refugial'' spots is worth thorough testing.
Finally, we consider it important to stress that the outcome of this process is not predictable on the basis of our data, and there is no reason to believe that the decline in the L. neglectus populations will lead to their extinction in the European cities. On the contrary, we underline the importance of better and continuous monitoring of the invasive populations, because they can be most effectively controlled only if we ensure up-to-date awareness of the changes that these populations are undergoing. It will be especially important to monitor the localities where L. neglectus individuals were not found recently at the area of the former supercolonies. It would help to realise whether such supercolonies can disappear or just drastically collapse (see the story of the supercolony at Orom Str. in the Online Resources). Further studies of the possible factors causing the expansion, stagnation or collapse based on adequate quantitative data and the ecological characteristics of this invasive species, could be used in order to model the populations' dynamics in more countries.
